Purpose-Adverse drug events (ADEs) are a common complication of medical care resulting in high morbidity and medical expenditure. Population level estimates of outpatient ADEs are limited. Our objective was to provide national estimates and characterizations of outpatient ADEs and determine risk factors associated with these events.
INTRODUCTION
Adverse drug events (ADEs) are a common and costly complication of medical care. As many as 4.6% of deaths in the United States may be the result of an ADE, making ADEs one of the top 5 leading causes of death (1) . Among hospitalized patients, an estimated 6.5% of patients experience an ADE with an almost 2-fold increased risk of death in this population (2, 3) . The cost of ADEs to our medical system is substantial, with high rates of ADE-related admissions (1, 4, 5) , prolonged hospital stays, and increased resource utilization while hospitalized (2, 3, 6) .
In the outpatient setting, more than 80% of adults in the U.S. report using at least 1 medication and approximately 70% of outpatient clinic visits are associated with the prescription or continuation of a medication (7, 8) . While medication use is highest among older patients, rates among younger persons are high as well with 82% of adults 18 to 44 years old reporting use of at least one medication during the preceding week and nearly 52% using a prescription medication (7, 9) .
Despite the prevalence of outpatient medication treatment, patterns and rates of ADEs occurring in the ambulatory population are not well-defined and little is known about the healthcare utilization associated with these events. Studies examining the incidence of outpatient ADEs have been conducted in select patient groups and do not provide a comprehensive picture of the scope of ADEs in the outpatient setting (10) (11) (12) . A recent national study found that more than 700,000 patients are treated in emergency departments annually for ADEs, accounting for 2.5% of all emergency department visits for unintentional injuries (13) . It is likely that a large number of outpatients experiencing an ADE also seek care in outpatient clinics where the majority of medications are prescribed and therapeutic effects monitored (14) .
Using data from a national survey over an 11-year period, we provide population estimates of the annual incidence of outpatient ADEs requiring medical treatment in the U.S. We also provide estimates of ADE trends over time and risk factors for ADEs resulting in a healthcare visit.
METHODS

Data Sources
The National Ambulatory Medical Care Survey (NAMCS) and the National Hospital and Ambulatory Medical Care Survey (NHAMCS) from 1995 to 2005 provide data on individuals seeking medical care for ADEs in outpatient clinics and emergency departments (15) . These surveys are conducted annually by the National Center for Health Statistics (NCHS), a branch of the Centers for Disease Control and Prevention, and include nationally representative probability samples of patient visits to office-based clinics, hospital outpatient clinics, and emergency departments. Data from these surveys are weighted to produce national estimates of the utilization of ambulatory medical care in the United States.
The NAMCS surveys patient visits to non-federally employed physicians principally engaged in office-based patient care. A 3-stage probability design is used consisting of geographic areas, physician practices within these areas, and patient visits within practices. Physicians are randomly assigned a 1-week reporting period during which data are collected on a systematic random sample of visits using a standard patient record form. Patient visits included in the NHAMCS are visits to hospital-based clinics and emergency departments of non-institutional general and short-stay hospitals, exclusive of Federal, military, and Veterans Administration hospitals. The NHAMCS uses a 4-stage probability design consisting of geographic areas, hospitals within these areas, clinics or emergency departments within hospitals, and patient visits to clinics or emergency departments. A systematic, random sample of patient visits to the selected clinics and emergency departments are surveyed during a randomly assigned 4-week reporting period.
Forms include data on patient demographics and details of the visit including up to three reasons for the visit (coded according to the NCHS Reason for Visit Classification), diagnostic and screening services provided, treatments and procedures performed, medications prescribed or provided at the visit, up to three physician's diagnoses for the visits (coded according to the International Classification of Disease, Ninth Revision, Clinical Modification [ICD-9-CM]), and disposition. In addition, surveys collect data on whether the visit is related to adverse effects of medical treatment, including adverse drug events, and these data are used by the NCHS to assign up to three Supplementary Classification of External Causes of Injury and Poisoning Codes (E-Codes) found in the ICD-9-CM. These codes permit more detailed classification of the diagnoses or conditions provided with the ICD-9-CM codes and include codes for medication groups implicated in ADEs, such as "penicillins" or "insulins and antidiabetic agents". Beginning in 1997, verbatim text description of the event is included in the public use file in addition to the E-Codes. In 2005, this survey item was modified in the clinic patient record forms and replaced with a question asking whether the visit was related to the adverse effect of medicinal/surgical care or a medicinal drug, without the inclusion of a text description.
Forms are reviewed for completeness by field representatives and are subject to detailed manual review upon receipt at the NCHS. Quality control for the medical and drug coding and straight-key items involves a two-way independent verification procedure of 10% of the records and all forms with differences in medical or drug coding or illegible entries are further reviewed and adjudicated. For items that required medical coding, error rates averaged less than 2% for the NAMCS and less than 3% for the NHAMCS (15) .
Inclusion Criteria and Definitions
The study sample consisted of outpatient visits to office-and hospital-based clinics and all visits to emergency departments. ADEs were defined as injuries resulting from the use of prescription and over-the-counter medications for medical intervention (2, 12) , which includes adverse drug reactions and medication errors and excludes administration of the wrong medication (e.g. a child ingesting a family member's medication), intentional overdoses (e.g. a person ingesting medication with the intent of self-harm), or use of illicit substances. We included cases with E-Codes falling under "Drugs, Medicinal, and Biological Substances Causing Adverse Effects in Therapeutic Use" (E-Codes E930-E949), as well as cases with a diagnosis of an ADE, including anaphylactic shock (ICD-9-CM code 995.0), unspecified adverse effect of medicinal substance (ICD-9-CM code 995.2), shock due to anesthesia (ICD-9-CM code 995.4), aspirin gastritis (ICD-9-CM code 535.4), drug dermatitis (ICD-9-CM codes 692.3 and 693.0), drug reaction in newborn (ICD-9-CM code 779.4), drug psychoses (ICD-9-CM codes 292.1 through 292.9), and neuropathy due to drugs (ICD-9-CM 357.6). Patient visits with an adverse medical event of accidental poisoning by drugs (E-Codes E850-E858) or a diagnosis of poisoning by drugs (ICD-9-CM codes 960-979) were classified as an ADE visit if the verbatim text was available for review and met inclusion criteria. All cases associated with an adverse medical event code or diagnosis of drug dependence or abuse, use of an illicit substance, drug withdrawal, intentional self-harm, or assault by poisoning were excluded.
Data Analysis
We calculated yearly incidences of visits for ADEs to outpatient clinics and emergency departments per 1000 persons in the U.S. over the 11-year study period. The epidemiology of ADEs was described in terms of patient characteristics and medications implicated. Mean national annual estimates of ADEs were determined for each of these categories.
We identified up to three medications implicated in ADE visits through the adverse medical event codes and diagnoses. Medications were grouped into medication classes based on the National Drug Code Directory. In order to control for population exposure to different medications, ADE visit rates were calculated by dividing the number of ADE visits for each medication class by the number of outpatient visits in which a medication in the corresponding medication class was listed as part of the patient's therapy, including medications that were initiated or continued at the time of the visit. ADE cases with missing medication data were imputed for the calculation of ADE visit rates, assuming that the proportion of cases in each medication class was the same as the proportion of cases without missing data.
Statistical Analysis
Analyses were performed with SUDAAN statistical software (version 9.0.1; Research Triangle Institute, Research Triangle Park, NC), which is recommended by the NCHS for the computation of standard errors (SEs) in order to account for the multi-stage sampling design used in the NAMCS and NHAMCS. All estimates were based on 30 sample records or more and had relative SEs of 30% or less (i.e. the SE was no more than 30% of the estimate), as the NCHS considers estimates based on fewer records or with a greater SE unreliable.
Mean annual estimated numbers of ADEs were calculated with 95% confidence intervals (CIs) using yearly U.S. Bureau of the Census post-censal estimates of the civilian noninstitutionalized population (16) . We used linear trend tests to assess for change in the number of ADEs and use of polypharmacy over the 11-year study period and change in number and admission rates with increasing patient age. Multivariate logistic regression analysis was performed to identify factors associated with risk of ADEs. Variables used in the model included year of ADE visit, age, gender, race/ethnicity, number of medications patient was taking at the time of the ADE visit, payment source, and geographical region. Visits to clinic and emergency department settings were compared using χ 2 analyses; all test statistics were two-sided with P values considered statistically significant at an alpha-level of 0.05. Conditional probability rules were used to account for imputations in variance estimates of total ADE visits.
RESULTS
The estimated national annual number of ADE-related visits was 3,544,908 (CI, 3,162,667-3,927,149) in outpatient clinics and 791,082 (CI, 721,352 -860,812) in emergency departments between 1995 and 2005 (based on 1960 and 2409 visit records to clinics and emergency departments, respectively). The population incidence of visits for ADEs to outpatient clinics increased from 9.1 per 1000 persons (CI, 6.6-11.6) in 1995 to 16.9 per 1000 persons (CI, 12.2-21.6) in 2005 (P value for trend<0.001) (Figure 1, A) . The incidence of ADE-related visits to emergency departments remained stable.
The mean annual population incidence of ADE visits to clinic and emergency department settings combined was 15.5 per 1000 persons (CI, 14.0-17.0) and increased with age (P value for trend <0.001) (Figure 1, B) . Comparing the two time periods 1995 to 2000 and 2001 to 2005, the mean incidence of ADE visits was higher during the more recent time period (13.2 per 1000 persons [CI, 11.5-14.9] vs. 18.1 per 1000 persons [CI, ). There was also an increase in the incidence of ADE visits among patients 65 years and older from 32.7 ADE visits per 1000 persons (CI, 26.9-38.6) to 48.8 ADE visits per 1000 persons (CI, 39.1-58.5), indicating that in recent years the incidence of ADE visits may be as high as 1 in 20 persons in this age group.
ADEs accounted for 0.4% of all visits to outpatient clinics with increasing proportions among older patient groups ( Table 1 ). The majority of outpatient clinic visits for ADEs were by women (59.9%; CI, 56.0%-63.7%), persons who were non-Hispanic white (78.5%; CI, 74.6%-81.9%), those with private insurance (57.9%; CI, 53.6%-62.1%), and those residing in the South (30.1%; CI 25.1%-35.5%).
In the emergency department, ADEs led to 0.8% of all visits. In this setting, the highest proportion of ADE visits were comprised by patients 18 to 44 years old (39.8%; CI, 37.3%-42.4%), although the proportion of ADE visits was highest among persons aged 65 years and older where they accounted for 1.2% of all emergency department visits. Overall, there was a significant difference in the age distribution of patients seeking care in emergency departments versus outpatient clinics (p<0.001). As in the outpatient clinics, the majority of ADE visits were by women (64.8%; CI, 62.2%-67.2%) and persons who were non-Hispanic white (71.1%; CI, 68.0%-74.1%), had private insurance (49.1%; CI, 46.2%-52.0%), and resided in the South (34.0%; CI, 29.9%-38.4%).
The proportion of patients taking three or more medications increased over the study period (P value <0.001 for 3 to 4 medications and 5 or more medications) and multivariate analysis revealed an increased risk for an ADE visit with increasing number of medications taken by patients (odds ratio [OR], 1.45; CI, 1.25-1.58 for 3 to 4 medications; OR, 1.88; CI, 1.58-2.25 for 5 or more medications) ( Figure 2 , Table 2 ). Other factors significantly associated with an ADE visit included increasing age group and female gender.
Medications implicated in ADEs are listed in Table 3 . Overall, 96.4% of cases were related to a single medication class. Antimicrobial agents were most frequently implicated with an ADE (14.0%, CI 12.0%-16.4%), followed by hormones and synthetic substitutes (11.4%, CI 9.2%-14.0%) and cardiovascular agents (10.9%, CI 8.7%-13.3%). The most common medication classes resulting in a clinic visit for an ADE were antihypertensives, estrogen/ progesterones, non-opioid-based analgesics/antipyretics, and antidepressants and mood stabilizers. In the emergency department, the medication class of non-opioid-based analgesics/antipyretics was most frequently resulted in an ADE, followed by penicillins, sulfonamides, and insulin/hypoglycemic agents. The highest proportion of ADE visits resulting in hospital admission were related to cardiotonic glycosides (i.e. digoxin) (12.8%; CI, 8.6%-18.6%), anticoagulants (11.2%; CI, 7.5%-16.3%), anticonvulsants (7.0%; CI, 4.4%-11.1%), and antineoplastics (6.5%; CI, 3.7%-11.2).
Rates of ADE visits-defined as number of ADE visits per 1000 outpatient visits associated
with medication therapy-varied significantly for the different medication classes and are shown in Table 4 . Aside from antineoplastic and immunosupressive agents (12.9 ADE visits per 1000 medication visits, CI 7.8-21), medication classes with the highest ADE visit rates included hormones and synthetic substitutes (6.8 ADE visits per 1000 medication visits, CI 5.3-8.8), antimicrobial agents (6.6 ADE visits per 1000 medication visits, CI 5.4-8.0), and cardiovascular agents (4.8 ADE visits per 1000 medication visits, CI 3.7-6.2). Among antimicrobial agents, sulfonamides resulted in a significantly higher rate of ADEs than penicillins, macrolides, cephalosporins, and quinolones. Medications with ADE visit rates less than 2 per 1000 medication visits included gastrointestinal agents, antihistamines, cold remedies, and respiratory agents, and agents primarily affecting muscles.
Overall, outpatient ADEs resulted in a mean yearly total of 107,468 (CI, 89,011-125,925) hospital admissions. In the emergency department, 0.63% (CI, 0.56%-0.72%) of all visits requiring hospital admission were related to an ADE. Rates of admission for emergency department ADE visits increased significantly with increasing age, with admission rates of 4.1% (CI, 1.8%-9.1%) among children 4 years old and younger, 6.1% (CI, 3.4%-10.8%) for children 5 to 17 years old, 5.8% (CI, 4.2%-7.9%) for adults 18 to 44 years old, 15.8% (CI, 12.0%-19.0%) for adults 45 to 64 years old, and 24.9% (CI, 20.2%-30.2%) for adults 65 years and older (p-value for trend trend<0.001).
DISCUSSION
We show that despite an intensified focus on patient safety since the Institute of Medicine's report Crossing the Quality Chasm (17) , the population incidence of ADEs is rising with more than 4.3 million persons seeking medical care for an ADE annually. ADE visits were most strongly associated with increasing patient age and polypharmacy; strikingly, the proportion of patients taking five or more medications more than doubled between 1995 and 2005.
The incidence of ADE visits increased with increasing age, peaking at 47.0 ADE visits per 1000 persons among patients 65 years and older. This subset suffered the greatest number of ADEs requiring treatment, with the highest proportion of ADE visits and ADE-related hospital admissions. Both age and number of medications taken by patients were associated with an increased risk of an ADE visit, which is consistent with previous studies implicating age, number of medical problems, and number of medications with the occurrence of ADEs (18) (19) (20) (21) (22) . Estimates of the proportion of outpatients who experience an ADE and seek medical attention have ranged from 16% to 48% (11, 19) , indicating that based on an incidence rate of 15.5 ADE visits per 1000 people, up to 10% of the population suffers an outpatient ADE annually (i.e. the incidence rate would be 96.8 visits per 1000 people if instead of 16% of patients, all sought medical care for their ADE). This figure is comparable to rates reported in other studies, although it is difficult to compare results derived from different population groups and patient settings (12, 19, 22, 23) . Further study is needed to define the specific circumstances resulting in an ADE-including prescribing errors, medication interactions, and adverse reactions-in order to assess the preventability of events and develop prevention strategies tailored to patients with the highest burden of drug complications. Of note, more than a third of the ADE patient visits were paid for by government-funded sources, highlighting the importance of such strategies in terms of healthcare costs. They found that an estimated 701,547 individuals are treated for ADEs in emergency departments annually, that 16.7% of these require hospitalization, and that ADE-related visits comprise 0.6% of all emergency department visits. These figures are very similar to our results, which show that 791,082 individuals seek emergency department care for ADEs annually, that 14.5% require hospitalization, and that 0.8% of all emergency department visits are attributable to ADEs. The similarity of our results to those from this prospective national study serves to validate the use of the NAMCS and NHAMCS databases for ADE surveillance.
Studies measuring ADEs among hospitalized patients alone capture only a fraction of such events and do not adequately describe the magnitude of this threat to patient safety (1, 2, 25) . In contrast, we examine comprehensive estimates of ADE-related ambulatory visits, including visits to office-based clinics, hospital outpatient clinics, subspecialty clinics, and emergency departments. Furthermore, studies focusing on select populations or specific settings, such as Medicare recipients, primary care clinics, or nursing homes, may not provide a nationally-representative description of ADEs (6, 12, 19, 26) . Instead, our study benefited from the use of a multi-year survey that captured a nationally representative sample of patients of all ages treated in outpatient settings throughout the U.S.
An important limitation of the use of NHAMCS for ADE surveillance is the inability to examine what stage of medication use the ADE was related to and ascertain the preventability of the medical complication. NHAMCS also does not permit determination of the outcome of patients suffering an ADE, which would be useful for cost-analysis studies and calculation of ADE fatality rates. The identification of ADEs is clearly subject to underreporting as well as misclassification. Physicians may not have recognized a patient's symptoms as the result of an ADE or may have failed to include the ADE as a reason for injury or as one of the diagnoses. Alternatively, heightened awareness of ADEs may have affected coding practices and increased the number of events coded as an ADE. However, the increase in ADEs among patients in outpatient clinics was not observed among certain other patient groups-including patients treated in the emergency department and younger patients-making it unlikely that this rise was the result of changes in coding practices. In addition, because there were only approximately 400 ADE-related patient visits surveyed per year, the potential for further analyses based on annual cases is limited. Other limitations of this study are related to the use of survey data, such as the NAMCS and NHAMCS. All data are retrospective and we cannot verify the accuracy or completeness of the data reported. Medications implicated in ADEs are coded at the level of medication groups preventing the study of specific medications implicated in ADEs. There is also missing data, and we were unable to determine the medication causing an ADE in all cases. Finally, errors may occur at the stage of coding and data entry, but the NCHS employs multiple quality control measures and reports low rates of coding errors.
CONCLUSION
We show that both patient age and polypharmacy use are risk factors for an ADE-related healthcare visit. The incidence of ADEs requiring medical treatment has substantially increased between 1995 and 2005, particularly among patients 65 years and older who have an incidence of ADE visits as high as 1 in 20 persons. ADEs in this patient group are also associated with substantial morbidity with a quarter of patients requiring admission. Additional efforts are required to identify preventable ADEs and develop measures to monitor and prevent ADEs in the outpatient population.
Key points -
The population rate of adverse drug events is rising with more than 4.3 million persons seeking medical care for an adverse event annually.
-
The highest risk of admission occurs among patients using cardiotonic glycosides, anticoagulants, and anticonvulsants.
-Adverse drug event related visits are significantly associated with polypharmacy use and increasing age. Mean annual rate of outpatient visits associated with 3 to 4 medication prescriptions was 14.9% (95% CI, 14.6%-15.2%) and with 5 or more medication prescriptions 9.4% (95% CI, 8.9%-9.8%). P value for trend was <0.001 both for use of 3 to 4 medications and use of 5 or more medications. Refers to the number of medications prescribed or continued at the time of the ADE visit.
